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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to an air/fuel ratio detection apparatus for determining air/fuel ratio of, for example,
automotive engines from oxygen concentration or the like of exhaust gas.
[0002] In general, automotive engines and the like are provided with an air/fuel ratio sensor (oxygen sensor) in the
middle of exhaust pipe or the like for detecting oxygen concentration or the like of exhaust gas.
[0003] The air/fuel ratio sensor outputs air/fuel ratio detection signal. Based on this signal, it is possible to conduct a
feed-back control of the amount of fuel injection, thereby achieving stoichiometric air/fuel ratio (A/F=14.7) or lean air/
fuel ratio (A/FA 15). With this, it is possible to improve engine combustion efficiency and fuel consumption.
[0004] There are such conventional air/fuel ratio sensors, which are plate-like in shape (see Japanese Patent Laid-
open (Kokai) Publication Showa 61(1986)-10762 and Japanese Patent Laid-open (Kohyo) Publication Heisei 9(1997)-
509747 corresponding to U.S. Patent 5,686,654). These plate-like air-fuel ratio sensors include a heater portion and a
solid electrolyte layer and a diffusion layer, which are formed on the heater portion.
[0005] There are recent demands for the improvement in productivity of air/fuel ratio sensors and for freedom in the
direction of installation of air/fuel ratio sensors. With this freedom, it becomes possible to improve the accuracy for
detecting oxygen concentration and the like and thereby to properly control the amount of fuel injection and stabilize the
engine control. Furthermore, there are recent demands for rapid temperature increase of the heater portion of air/fuel
ratio sensors after the engine starts. With this rapid increase, it becomes possible to shorten the period of time required
for activating the solid electrolyte layer and the like, thereby shortening the period of time required for enabling the
measurement of oxygen concentration and the like. This makes it possible to properly conduct a feedback control of the
amount of fuel injection, based on the signal from air/fuel ratio sensors, at an early stage after the engine starts.

SUMMARY OF THE INVENTION

[0006] It is an object of the present invention to provide an air/fuel ratio detection apparatus, which makes it possible
to improve accuracy and stability in detecting oxygen concentration of exhaust gas.
[0007] It is another object of the present invention to provide an air/fuel ratio detection apparatus, which is simple in
structure and is improved in workability during its production.
[0008] According to the present invention, there is provided an air/fuel ratio detection apparatus for a gas, comprising:

a heater portion that has an elongate cylindrical shape and heats by applying electricity to the heater portion from
an outside;
a solid electrolyte layer formed on and entirely surrounding periphery of the heater portion, the solid electrolyte layer
being activated by heat from the heater portion to conduct oxygen ions through the solid electrolyte layer;
a first electrode that is positioned between the heater portion and the solid electrolyte layer and is in contact with
an inner surface of the solid electrolyte layer;
second and third electrodes that are in contact with an outer surface of the solid electrolyte layer and are away from
each other such that the solid electrolyte layer is interposed between the first and second electrodes and between
the first and third electrodes;
a first voltage applying device for applying a first voltage between the first and second electrodes;
a second voltage applying device for applying a second voltage between the first and third electrodes, the second
voltage being higher than the first voltage; and
a diffusion layer made of a porous material, the diffusion layer covering the second electrode to adjust transmission
of the gas to the second electrode.

[0009] The other objects and features of this invention will become understood from the following description with
reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

Fig. 1 is a longitudinal section showing an air/fuel ratio sensor formed with an air/fuel ratio detection device according
to a first embodiment of the present invention
Fig. 2 is a longitudinal section showing the air/fuel ratio detection device of Fig. 1;
Fig. 3 is an exploded perspective view showing parts of a heater portion of the air/fuel ratio detection device;
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Fig. 4 is a perspective view showing the heater portion in which the parts of Fig. 3 have been assembled together;
Fig. 5 is a perspective view showing further parts of the air/fuel ratio detection device;
Fig. 6 is a perspective view showing a condition in which the further parts of Fig. 5 have been assembled together;
Fig. 7 is an enlarged, sectional, schematic view showing an inside structure of an inner electrode of the air/fuel ratio
detection device;
Fig. 8 is a characteristic diagram showing a relationship between air/fuel ratio (λ) and the detected signal (Im) from
the air/fuel ratio detection device;
Fig. 9 is a schematic diagram showing the process for detecting air/fuel ratio under a lean air/fuel ratio condition;
Fig. 10 is a characteristic diagram showing voltages of the reference and measuring cells under a lean air/fuel ratio
condition;
Fig. 11 is a schematic diagram showing the process for detecting air/fuel ratio under stoichiometric air/fuel ratio
condition;
Fig. 12 is a characteristic diagram showing voltages of the reference and measuring cells under stoichiometric air/
fuel ratio condition;
Fig. 13 is a schematic diagram showing the process for detecting air/fuel ratio under a rich air/fuel ratio condition;
Fig. 14 is a characteristic diagram showing voltages of the reference and measuring cells under a rich air/fuel ratio
condition;
Fig. 15 is a view similar to Fig. 7, but showing an inside structure of an inner electrode of an air/fuel ratio detection
device according to a second embodiment of the present invention; and
Fig. 16 is a further enlarged, schematic view of a section designated by "a" in Fig. 15.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0011] As stated above, an air/fuel ratio detection apparatus according to the present invention has a heater portion
that has an elongate cylindrical shape. Thus, it is possible to sequentially form a solid electrolyte layer, first to third
electrodes, a diffusion layer and the like on the periphery of the heater portion using technique such as curved surface
printing. Therefore, it is possible to form the air/fuel ratio detection apparatus as a whole into an elongate cylindrical
shape, as shown in Fig. 1. This elongate cylindrical shape can provide more freedom in selecting the direction of
installation of the air/fuel ratio detection apparatus. This makes it possible to detect oxygen concentration and the like
of exhaust gas with a stable accuracy. Furthermore, it becomes possible to have an enlarged heating surface area of
the heater portion for heating the solid electrolyte layer. With this, it becomes possible to efficiently transmit heat from
the heater portion towards the solid electrolyte layer and the like. Therefore, it becomes possible to shorten the period
of time for increasing the temperature of the heater portion, thereby activating the solid electrolyte layer early. This makes
it possible to stably and accurately detect or determine air/fuel ratio at an early stage after the engine starts, thereby
instantly conducting feedback control. Furthermore, it is not necessary to introduce the air (as a standard) into the inside
of the air/fuel ratio detection device. Therefore, the air/fuel ratio detection apparatus is simplified in structure, thereby
improving workability for producing the same. Furthermore, the heater portion is reduced in electric power consumption.
[0012] Furthermore, the air/fuel ratio detection apparatus is clearly made by its elongate cylindrical shape to have a
smaller size, as compared with conventional plate-like air/fuel ratio detection apparatuses. Furthermore, it is possible
to arrange the first to third electrodes such that the first electrode is opposed to the second and third electrodes with an
interposal of a solid electrolyte layer in a radial direction. With this, it becomes possible to provide the first to third
electrodes with a large electrode surface and with a short distance therebetween to reduce electrical resistance. Fur-
thermore, it is possible to make the air/fuel ratio detection apparatus smaller in diameter. Still furthermore, it is possible
to form a diffusion layer on the peripheral side of the solid electrolyte layer. With this, it becomes possible to easily correct
deviation in porosity of the diffusion layer and to improve yield in the production.
[0013] By applying the above-mentioned first and second voltages (first voltage < second voltage) respectively between
the first and second electrodes and between the first and third electrodes, it is possible to detect a diffusion limiting
current (pumping current) of oxygen passing through the diffusion layer when the exhaust gas is in a lean condition and
to detect a limiting current as the oxygen current necessary for oxidizing combustible gas components passing through
the diffusion layer when the exhaust gas is in a rich condition.
[0014] With reference to Figs. 1-14, an air/fuel ratio detection apparatus (air/fuel ratio or oxygen sensor) according to
a first embodiment of the present invention used, for example, for a wide range air/fuel ratio sensor attached to the
exhaust pipe of an automotive engine will be described in detail in the following.
[0015] As is seen from Fig. 1, designated by numeral 1 is a casing of the first air/fuel ratio sensor. This casing 1
comprises (a) cylindrical holder 2 having external threaded portion 2A, (b) cylindrical cap 3 that is integrally secured to
a base portion of holder 2, and (c) guiding tube 4 that is disposed to be concentric with cap 3 and is positioned between
the after-mentioned sealing cap 10 and holder 2.
[0016] Each of holder 2, cap 3 and guiding tube 4 can be made of a metal material such as stainless steel. External
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threaded portion 2A is threadedly engaged with the exhaust pipe such that the after-mentioned air/fuel ratio detection
device 21 protrudes into the inside space of exhaust pipe.
[0017] Designated by numeral 5 is an insulating support that is disposed in a void space defined by holder 2 with an
interposal of metal seal ring 6. Insulating support 5 has a generally cylindrical shape and a cylindrical opening for receiving
air/fuel ratio detection device 21 and is made of a ceramic material (e.g., aluminum oxide (Al2O3)). In fact, air/fuel ratio
detection device 21 is secured to the inner cylindrical wall of insulating support 5 by an inorganic bond or the like. Thus,
air/fuel ratio detection device 21 is positioned at a proper position in casing 1 by insulating support 5 and is electrically
and thermally insulated by insulating support 5.
[0018] Designated by numerals 7, 8 are insulating cylindrical members disposed in the inside space of guiding tube
4. Each of these cylindrical members 7, 8 is made of a ceramic material (e.g., aluminum oxide (hereinafter referred to
as alumina)) and keeps the after-mentioned contact plates 13, 14 and the like in an insulated condition against the casing 1.
[0019] Designated by numeral 9 is a spring (as an elastic member) that is positioned in the inside of casing 1 and is
sandwiched between insulating support 5 and insulating cylindrical member 7. Spring 9 biases insulating support 5
toward holder 2 and serves to prevent a direct transmission of vibration, shock and the like from an outside to air/fuel
ratio detection device 21 through casing 1.
[0020] Designated by numeral 10 is a seal cap for closing a base end of cap 3. Seal cap 10 has a stepped cylindrical
shape and is made of a heat-resistant resin material (e.g., polytetrafluoroethylene (PTFE)). Insulating cylindrical members
7, 8 and the like are positioned at proper positions in the inside of casing 1 with a biasing force of spring 9.
[0021] Lead wires 11, 11 for detecting air/fuel ratio and lead wires 12, 12 (only one is shown in Fig. 1) for energizing
the heater portion are inserted into the seal cap 10. Lead wires 11, 11 are electrically connected with contact plates 13,
13, and lead wires 12, 12 are electrically connected with contact plates 14, 14.
[0022] Designated by numeral 15 is a protector formed on holder 2 of casing 1. Protector 15 is formed into a cylindrical
shape by using a heat-resistant metal plate or the like. Protector 15 is attached at its base portion to holder 2 to cover
an end portion of air/fuel ratio detection device 21. With this, the end portion of protector 15 protrudes from holder 2 in
its axial direction.
[0023] Protector 15 is formed at its end portion with a plurality of openings 15A for guiding the exhaust gas (flowing
through the exhaust pipe) toward the end portion of air/fuel ratio detection device 21.
[0024] Air/fuel ratio detection device 21 is fixed in the inside of holder 2 by insulating support 5, and the end portion
of device 21 protrudes from holder 2 in the axial direction. As shown in Figs. 2 and 6, air/fuel ratio detection device 21
comprises heater portion 22, solid electrolyte layer 27 and diffusion layer 34.
[0025] As is seen from Figs. 2-4, heater portion 22 (having an elongate cylindrical shape) comprises (a) core pipe 23
formed into a hollow cylindrical shape by a ceramic material (e.g., alumina), (b) heater pattern, and (c) insulating, heater
covering layer 25.
[0026] As is seen from Fig. 3, heater pattern 24 is formed on the periphery of core pipe 23 by a curved surface printing
or the like. Heater pattern 24 has a pair of leads 24A, 24A extending in the axial direction of core pipe 23. Heater covering
layer 25 is formed on the periphery of core pipe 23 by a thick film printing using a ceramic material (e.g., alumina) for
the purpose of protecting heater pattern 24 together with its leads 24a.
[0027] Core pipe 23 is formed into an elongate cylindrical shape by injection molding of a ceramic material (e.g.,
alumina), for example, to have an outer diameter of about 3-4 mm and an axial length of about 50-60 mm. Core pipe
23 has cylindrical hole 23A extending in the axial direction. This hole 23A reduces the volume of core pipe 23 and thereby
serves to reduce heat capacity of core pipe 23. Core pipe 23 may be formed by extrusion besides the above-mentioned
injection molding. Furthermore, core pipe 23 may have a solid structure as opposed to the above-mentioned hollow
structure.
[0028] Heater pattern 24 is made of an exothermic conductive material (e.g., platinum mixed with 10 wt% of alumina).
Each lead 24A is connected at the base end portion of core pipe 23 with each contact plate 14, as shown in Fig. 1.
Electricity is supplied to heater pattern 24 from the after-mentioned power source 34 through leads 12, contact plates
14 and leads 24A, thereby heating heater portion 22 at a temperature of about 650-8000°C .
[0029] Heater covering layer 25 is formed into a cylindrical, porous, insulating layer using a ceramic material (e.g.,
alumina). Solid electrolyte layer 27 and inner electrode 28 are laminated on the periphery of heater covering layer 25
by a curved surface printing or the like.
[0030] As is seen from Fig. 3, designated by numeral 26 is a plug. Similar to core pipe 23, plug 26 is made of a ceramic
material (e.g., alumina). Plug 26 is fit into a base end of the cylindrical hole 23A to close the cylindrical hole 23A. Cylindrical
hole 23A of core pipe 23 can be used as a centering hole for conducing a curved surface printing of the after-mentioned
solid electrolyte layer 27, protecting layer 33, diffusion layer 34 and the like. Thus, it is preferable in the preparation of
the air/fuel ratio sensor to carry out the sequential steps of (a) conducting a curved surface printing of solid electrolyte
layer 27, protecting layer 33, diffusion layer 34 and the like; (b) forming plug 26 at the base end portion of cylindrical
hole 23A; and (c) sintering plug 26 together with core pipe 23.
[0031] As is seen from Fig. 2, designated by numeral 27 is an oxygen ion conductive solid electrolyte layer. Solid
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electrolyte layer 27 is formed on the periphery of heater covering layer 25 of heater portion 22 by using a curved surface
printing technique or the like. As is shown in Fig. 5, solid electrolyte layer 27 can be formed into a cylindrical shape by
conducting a thick film printing of a paste on the periphery of heater covering layer 25. This paste can be made from a
mixture (a so-called yttria-stabilized zirconia (YSZ)) of 95mol% of a zirconia (ZrO2) powder and 5mol% of an yttria (Y2O3)
powder.
[0032] Solid electrolyte layer 27 has a thickness of for example, about 50-100Pm and transports oxygen ions there-
through between electrodes 28, 29 and between electrodes 28, 31. With this, solid electrolyte layer 27 generates the
after-mentioned Nernst voltages Vnl, Vnt, Vnr according to air-fuel ratio.
[0033] Designated by numeral 28 is an inner electrode (first electrode) that is positioned between heater covering
layer 25 of heater portion 22 and solid electrolyte layer 27 and that is formed on the inner surface of solid electrolyte
layer 27. As shown in Fig. 5, inner electrode 28 can be formed on the periphery of heater covering layer 25 (porous
insulating layer) by conducting a curved surface printing, prior to curved surface printing of solid electrolyte layer 27.
[0034] As shown in Fig. 7, inner electrode 28 can be formed into a cylindrical electrode to have a predetermined length
in the axial direction of heater covering layer 25 or solid electrolyte layer 27 by conducting a curved surface printing in
which a paste containing the after-mentioned noble metal material 41 and ceramic grains 42 is applied to the periphery
of heater covering layer 25.
[0035] As shown in Fig. 2, inner electrode 28 is opposed at its one side (leading end side) in the axial direction with
the after-mentioned measuring electrode 29 in the radial direction of solid electrolyte layer 27 and is opposed at its the
other side (base end side) in the axial direction with the after-mentioned reference electrode 31 in the radial direction of
solid electrolyte layer 27.
[0036] Inner electrode 28 has a pair of leads 28A (only one is shown in Fig. 5A) extending toward the base end of
heater portion 22 in the axial direction of heater covering layer 25. Solid electrolyte layer 27 is formed on the periphery
of heater covering layer 25 by curved surface printing in a manner to fully surround inner electrode 28 from outside
except its leads 28A.
[0037] Designated by numeral 29 is a measuring electrode (second electrode) that is formed on the periphery of solid
electrolyte layer 27 at a position close to the leading end of heater portion 22. As shown in Fig. 2, measuring electrode
29 is at a position to interpose solid electrolyte layer 27 between measuring electrode 29 and inner electrode 28 and
thereby constitutes measuring cell 30 as a first pumping cell.
[0038] Designated by numeral 31 is a reference electrode (third electrode) that is formed on the periphery of solid
electrolyte layer 27 at a position away from measuring electrode 29 in the axial direction of heater portion 22. As shown
in Fig. 2, reference electrode 31 is a position to interpose solid electrolyte layer 27 between reference electrode 31 and
inner electrode 28 and thereby constitutes reference cell 32 as a second pumping cell.
[0039] Measuring electrode 29 and reference electrode 31 can be formed on the periphery of solid electrolyte layer
27 by conducting a curved surface printing using a conductive paste of platinum or the like to have a printing pattern
shown in Fig. 5. Their leads 28A, 31A extend toward the base end of heater portion 22.
[0040] Each lead 28A of inner electrode 28, lead 29A of measuring electrode 29 and lead 31A of reference electrode
31 are connected at the base end side of air/fuel ratio detection device 21 with corresponding contact plate 13 and lead
11. As shown in Fig. 2, working voltage Va (first voltage) is applied between inner electrode 28 and measuring electrode
29 from the after-mentioned direct current power source 36.
[0041] Working voltage Vb (second voltage) is applied between inner electrode 28 and reference electrode 31 from
the after-mentioned direct current power source 39. On the side of reference cell 32, reference electrode 31 becomes
a cathode for conducting reactions shown in the after-mentioned reaction formulas (1) and (3), and inner electrode 28
becomes an anode. With this, oxygen is attracted from reference electrode 31 toward inner electrode 28, as mentioned
hereinafter.
[0042] On the other hand, on the side of measuring cell 30, under a lean air/fuel ratio condition (λ>1), reference
electrode 29 becomes cathode for conducting the reaction shown in reaction formula (1), and inner electrode 28 becomes
anode to attract oxygen. In contrast, under a rich air/fuel ratio condition (λ<1), reference electrode 31 turns into anode,
and inner electrode 28 serves as cathode.
[0043] Designated by numeral 33 is a protecting layer for covering a part of solid electrolyte layer 27 as well as
reference electrode 31. As shown in Figs. 2 and 5, protecting layer 33 is formed into a cylindrical body to have a thickness
of, for example, about 30-100Pm by a paste of alumina powder and magnesium oxide (MgO) powder and then by
applying the paste to the peripheries of solid electrolyte layer 27 and heater covering layer 25 using a curved surface
printing.
[0044] The thus formed protecting layer 33 is made to have a porous structure having a porosity higher than that of
the after-mentioned diffusion layer 34. Protecting layer 33 covers solid electrolyte layer 27 from outside except its leading
end portion having thereon measuring electrode 29.
[0045] Protecting layer 33 has a function of protecting heater covering layer 25, solid electrolyte layer 27 and reference
electrode 31. A part of the exhaust gas flowing around protecting layer 33 is allowed to pass through protecting layer
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33 (having a high porosity) toward reference electrode 31.
[0046] Designated by numeral 34 is a diffusion layer made of a porous material for covering solid electrolyte layer 27
and measuring electrode 29 from outside. For example, as shown in Figs. 2 and 5, diffusion layer 34 can be formed into
a cylindrical body to have a thickness of, for example, about 30-100Pm by applying a paste of alumina powder to the
periphery of the leading end portion of solid electrolyte layer 27. It is optional to add a predetermined amount of zirconia
powder to the alumina powder paste in the preparation of diffusion layer 34.
[0047] Diffusion layer 34 is formed to have a porous structure having finer pores as compared with those of protecting
layer 33 and thereby has a function to allow a part of the exhaust gas flowing around diffusion layer 34 to pass through
diffusion layer 34 toward measuring electrode 29. Transmission of the exhaust gas (gas diffusion resistance) can be
adjusted by changing the thickness of diffusion layer 34. As shown in Fig. 2, diffusion layer 34 is positioned to cover the
leading end side of heater portion 22. Therefore, it is easily possible to adjust thickness of diffusion layer 34 from outside
following the removal of protector 15.
[0048] In fact, it is possible to suitably adjust transmission (gas diffusion resistance) of the exhaust gas, for example,
by grinding the periphery of diffusion layer 34 using a diamond grinding. Furthermore, diffusion layer 34 can be formed
by plasma spraying to cover the periphery of the leading end side of solid electrolyte layer 27 using a porous ceramic
material, for example, of alumina.
[0049] Designated by numeral 35 is a heater power source provided outside of casing 1. As is shown in Fig. 2, heater
power source 35 is connected with heater pattern 24 through lead 12 and the like. Heater power source 35 heats heater
portion 22 at a temperature of about 650-800°C by applying voltage to heater pattern 24 of heater portion 22.
[0050] Designated by numeral 36 is a direct current power source (first voltage applying device) provided outside of
casing 1. As is shown in Fig. 2, direct current power source 36 is connected with inner electrode 28 and measuring
electrode 29 through lead 11, thereby applying working voltage Va (first voltage) between electrodes 28, 29. Working
voltage Va of direct current power source 36 may be kept at a constant voltage (e.g., about 450mV) or varied according
to need.
[0051] Designated by numeral 37 is an ammeter disposed between and connected with direct current power source
36 and measuring electrode 29. Ammeter 37 detects diffusion limiting current Im (outputted from measuring electrode
29) corresponding to air/fuel ratio, as shown by characteristic line 38 of Fig. 8.
[0052] Designated by numeral 39 is a direct current power source (second voltage applying device) provided outside
of casing 1. As is shown in Fig. 2, direct current power source 39 is connected with inner electrode 28 and reference
electrode 31 through lead 11, thereby applying working voltage Vb (second voltage) between electrodes 28, 31. In this
case, working voltage Vb of direct current power source 39 is kept at a constant voltage (e.g., about 1.6V). This working
voltage Vb is higher than working voltage Va of direct current power source 36, and may be adjusted according to need.
[0053] Working voltage Va of direct current power source 36 and working voltage Vb of direct current power source
39 are adjusted in advance such that the amount of oxygen absorbed into void spaces 43 (oxygen receiving chambers)
of inner electrode 28 due to the after-mentioned combined pumping voltage Upb is larger than the amount of oxygen
absorbed out of void spaces 43 of inner electrode 28 due to the after-mentioned pumping voltage Upa. Upon this, working
voltages Va and Vb are adjusted to satisfy the expression (7).
[0054] By adjusting working voltage Va of direct current power source 36 and working voltage Vb of direct current
power source 39, the signal outputted as diffusion limiting current Im from measuring electrode 29 is detected by ammeter
37 as the detected signal that changes according to air/fuel ratio, as shown by characteristic line 38 of Fig. 8.
[0055] The structure of inner electrode 28 will be explained in the following with reference to Fig. 7. Inner electrode
28 is formed of noble metal material 41 (e.g., platinum), ceramic grains 42, and void spaces 43. For example, ceramic
grains 42 can be prepared by mixing a zirconia powder having a grain size of about 0.4-1.0 Pm with an alumina powder
having a grain size of about 0.4-1.0 Pm.
[0056] Void spaces 43 can be formed by using a void space forming agent containing a carbon powder having a grain
size of about 0.4-3.0 Pm. This void space forming agent is vaporized upon baking of air/fuel ratio detecting device 21,
thereby forming in inner electrode 28 void spaces 43 that are continuous bubbles. Void spaces 43 have a size comparable
to or greater than that of ceramic grains 42. With this, it is possible to increase the amount of oxygen to be received in
the void spaces, thereby smoothly conducting diffusion of oxygen in inner electrode 28.
[0057] Inner electrode 28 can be prepared by mixing a powder of noble metal material 41 with, for example, 15-20
wt% of zirconia powder, 1-2 wt% of alumina powder and 1-5 wt% of carbon powder to prepare a paste and then by
applying the paste to the periphery of heater covering layer 25. In this case, it is optional to replace the alumina powder
with 1-2 wt% of mullite (3Al2O3-2SiO2) powder.
[0058] Inner electrode 28 serves to transport electrons therein since noble metal material generates an electrode
reaction. Inner electrode 28 is improved in adhesion to heater covering layer 25 (porous insulating layer) and solid
electrolyte layer 27 by containing a zirconia powder and an alumina or mullite powder in ceramic grains 42.
[0059] As mentioned above, void spaces (continuous bubbles) 43 formed in inner electrode 28 serve as oxygen
receiving chambers in inner electrode 28. As shown in Figs. 5-6, lead 28A of inner electrode 28 also contain void spaces
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43. With this, the oxygen receiving chambers of void spaces 43 are in communication with the atmosphere in casing 1
(particularly cap 3), as shown in Fig. 1.
[0060] The existence of void spaces 43 of inner electrode 28 increases the number of three-phase interfaces (serving
as electrode reaction points) formed among solid electrolyte layer 27, noble metal material 41 and void spaces 43. Since
void spaces 43 serve as oxygen receiving chambers, they serve to diffuse oxygen throughout inner electrode 28 in
accordance with its concentration gradient and pressure gradient. As shown in Fig. 7, there may exist recesses 44 in
the vicinity of the boundary between solid electrolyte layer 27 and inner electrode 28 to form three-phase interfaces
formed among recesses 44, solid electrolyte layer 27 and noble metal material 41.
[0061] With reference to Figs. 3 to 6, the method for producing air/fuel ratio detection device 21 will be explained in
the following.
[0062] For producing heater portion 22, a ceramic material (e.g., alumina) is formed into a hollow cylindrical rod as
core pipe 23 by injection molding, followed by preliminary sintering. In this case, it is preferable to enlarge the diameter
of cylindrical hole 23A as large as possible in order to reduce heat capacity of core pipe 23.
[0063] In the pattern-printing step, a supporting shaft (e.g., chuck) is engaged with both ends of cylindrical hole 23 to
rotate core pipe 23. While core pipe 23 is rotated, an exothermic conductive material (e.g., platinum mixed with 10wt%
alumina) is applied to the periphery of core pipe 23 by curved surface printing to form heater pattern 24. Furthermore,
each lead 24A of heater pattern 24 is printed to extend toward the base end of core pipe 23, thereby making heater
pattern have a one-piece construction.
[0064] Then, heater covering layer 25 for covering heater pattern 24 is formed by conducting a curved surface printing
using a paste (e.g., alumina) or by putting a ceramic green sheet (e.g., of alumina) on the outside of core pipe 23. With
this, there is provided heater portion 22 formed of core pipe 23, heater pattern 24 and heater covering layer 25, as shown
in Fig. 4.
[0065] Then, as shown in Fig. 5, inner electrode 28 (cylindrical electrode) is formed by conducting a curved surface
printing of a paste (containing the above-mentioned noble metal material 41, ceramic grains 42 and the like) on the
periphery of heater covering layer 25. Furthermore, leads 28A of inner electrode 28 are formed by printing such that
these leads extend toward the base end of heater covering layer 25 while they are away from each other.
[0066] Oxygen ion conductive solid electrolyte layer 27 is formed by conducting a curved surface printing of a paste
(e.g., containing a mixture of zirconia and yttria) on the periphery of heater covering layer 25 in a manner to cover inner
electrode 28.
[0067] Then, measuring electrode 29 and reference electrode 31 are formed by conducting a curved surface printing
of a conductive paste (e.g., of platinum) on the peripheral surface of solid electrolyte layer 27 such that these electrodes
are away from each other along the axial direction of solid electrolyte layer 27. Furthermore, leads 29A and 31A are
formed by printing such that these leads extend toward the base end of heater covering layer 25 while they are away
from each other.
[0068] Then, as shown in Fig. 5, protecting layer 33 is formed by conducting a curved surface printing of a paste (e.g.,
of alumina and magnesium oxide) on the peripheries of solid electrolyte layer 27 and heater portion 22 to cover reference
electrode 31.
[0069] Diffusion layer 34 is formed by conducting a curved surface printing of a paste (e.g., of alumina or of an alumina
containing zirconia) on the periphery of the leading end side of solid electrolyte layer 27 to cover measuring electrode 29.
[0070] Then, an assembly of core pipe 23, heater pattern 24, heater covering layer 25, solid electrolyte layer 27,
electrodes 28, 29 and 31, protecting layer 33, and diffusion layer 34 is subjected to a sintering for about 2 hr at a high
temperature, for example, of about 1,300-1,500°C. With this, the sintered assembly is made to have a one-piece con-
struction. Furthermore, it is preferable to form plug 26 (shown in Fig. 3) in cylindrical hole 23A of core pipe 23 prior to
sintering, and then to conduct its sintering together with the above-mentioned members.
[0071] As is shown in Fig. 1, the thus produced air/fuel ratio detection device 21 is put into casing 1 in a manner to
bring leads 24A, 28A, 29A and 31A into contact with respective contact plates 13, 14, thereby completing air/fuel ratio
sensor.
[0072] Operation of air/fuel detection sensor will be described as follows. Casing 1 is threadedly secured to a vehicular
exhaust pipe through external threaded portion 2A such that a leading end portion of air/fuel ratio detection device 21
protrudes into the inside space of the exhaust pipe.
[0073] Then, an exhaust gas flowing through the exhaust pipe reaches surroundings of air/fuel ratio detection device
21 through protector 15 by starting engine, and a part of this exhaust gas is transmitted through protecting layer 33 and
diffusion layer 34 and then reaches the surfaces of reference electrode 31 and measuring electrode 29.
[0074] Air/fuel ratio detection device 21 is heated by heater portion 22 as electricity is supplied from heater power
source 35 to heater pattern 24. With this, solid electrolyte layer 27 is activated. Thereby, working voltage Va (e.g., 450mV)
is applied by direct current power source 36 between inner electrode 28 and measuring electrode 29, which are opposed
to each other with an interposal of solid electrolyte layer 27. Furthermore, working voltage Vb (e.g., 1.6V) is applied by
direct current power source 39 between inner electrode 28 and reference electrode 31.
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[0075] By working voltages Va and Vb, Nernst voltages Vnl, Vnt and Vnr are generated between inner electrode 28
and reference electrode 31 of reference cell 32 and between inner electrode 28 and measuring electrode 29 of measuring
cell 30 according to the oxygen concentration and combustible gas component concentration. The resulting diffusion
limiting current Im is outputted as a detected signal by ammeter 37 to determine air/fuel ratio (λ) by the relationship
between the detected signal and air/fuel ratio (λ) shown in Fig. 8. Details for determining air/fuel ratio (λ) are explained
in the following.
[0076] At first, there will be discussed the case of lean air/fuel ratio (λ>1) in which air/fuel ratio of engine is greater
than stoichiometric air/fuel ratio (λ=1). In this case, unburned oxygen remains in the exhaust gas flowing around protecting
layer 33 and diffusion layer 34 after combustion of a lean fuel-air mixture in combustion chamber.
[0077] Therefore, in a condition in which working voltage Vb (actually the after-mentioned combined pumping voltage
Upb) is applied between inner electrode 28 and reference electrode 31 of reference cell 32, a reaction represented by
the following reaction formula (1) proceeds at reference electrode (cathode) 31. In fact, electrons are added to molecular
oxygen remaining in the exhaust gas to generate oxygen ions.

O2 + 4e (electron) → 2O2- (1)

[0078] The resulting oxygen ions are transported from reference electrode (cathode) 31 toward inner electrode (anode)
28 by passing through oxygen defects in solid electrolyte layer 27. The oxygen ions are decomposed at inner electrode
(anode) 28 into oxygen ions and electrons, as shown in the following reaction formula (2).

2O2- → O2 + 4e (electron) (2)

[0079] In inner electrode 28, the resulting molecular oxygen is absorbed into void spaces 43 shown in Fig. 7, thereby
generating in void spaces an oxygen partial pressure higher than that of reference electrode 31 or that of external exhaust
gas. Upon this, as shown in Figs. 9 and 10, Nernst voltage Vnl (e.g., about 30mV) is generated according to the oxygen
partial pressure difference between electrodes 28, 31 under a lean air/fuel ratio condition.
[0080] The above Nernst voltage Vnl acts in a direction opposite to working voltage Vb (e.g., 1.6V) of direct current
power source 39. Consequently, combined pumping voltage Upb (e.g., 1570mV) is applied between electrodes 28, 31
of reference cell 32, as shown in the following expression (1). 

[0081] The above Nernst voltage Vnl (e.g., about 30mV) also acts in the opposite direction between electrodes 28,
29 of measuring cell 30. Consequently, pumping voltage Upa (e.g., 420mV) is applied between electrodes 28, 29 of
measuring cell 30, as shown in the following expression (2). 

[0082] The above-mentioned electrochemical reaction represented by the reaction formula (1) also occurs at measuring
electrode (cathode) 29 of measuring cell 30. In fact, electrons are added to oxygen remaining in the exhaust gas to
generate oxygen ions. The resulting oxygen ions are decomposed into oxygen and electrons at inner electrode (anode)
28, as shown in the reaction formula (2).
[0083] The resulting oxygen is absorbed in inner electrode (anode) 28, and thereby diffusion limiting current Im is
allowed to flow from reference electrode 29 toward ammeter 37, as shown in Fig. 9. Ammeter detects and outputs this
diffusion limiting current Im as a detected signal to determine lean air/fuel ratio using the characteristic line of Fig. 8.
[0084] Next, there will be discussed the case in which air/fuel ratio of engine is stoichiometric air/fuel ratio (λ=1). In
this case, as shown in Figs. 11 and 12, Nernst voltage Vnt (e.g., about 450mV) is generated according to the oxygen
partial pressure difference between electrodes 28, 31 and between electrodes 28, 29.
[0085] The above Nernst voltage Vnt acts in a direction opposite to working voltage Vb (e.g., 1.6V) of direct current
power source 39. Consequently, combined pumping voltage Upb (e.g., 1150mV) is applied between electrodes 28, 31
of reference cell 32, as shown in the following expression (3). 
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[0086] Similar to the case of lean air/fuel ratio (λ>1), oxygen ions are also generated at reference electrode 31 by the
addition of electrons to oxygen remaining in the exhaust gas in the case of stoichiometric air/fuel ratio, as shown in the
reaction formula (1). The resulting oxygen ions are transported from reference electrode 31 to inner electrode 28 by
passing through oxygen defects of solid electrolyte layer 27. Then, the oxygen ions are decomposed into oxygen and
electrons in inner electrode 28, as shown in the reaction formula (2). The resulting oxygen is absorbed into void spaces
43 (shown in Fig. 7), thereby generating a higher oxygen partial pressure in void spaces 43 than that of reference
electrode 31. Due to this oxygen partial pressure difference, the above-mentioned Nernst voltage Vnt (e.g., about 450mV)
under stoichiometric air/fuel ratio condition is generated continuously between electrodes 28, 31.
[0087] The above Nernst voltage Vnt also acts in the opposite direction between electrodes 28, 29 of measuring cell
30. Consequently, pumping voltage Upa applied between electrodes 28, 29 of measuring cell 30 is suppressed to 0V,
as shown in the following expression (4). 

[0088] Thus, diffusion limiting current Im does not flow from reference electrode 29 toward ammeter 37, as shown in
Fig. 11. Ammeter detects and outputs this diffusion limiting current Im (0V) as a detected signal. With this, air/fuel ratio
(λ) is judged as being one (1).
[0089] Next, there will be discussed the case of rich air/fuel ratio (λ<1) in which air/fuel ratio of engine is less than
stoichiometric air/fuel ratio (λ=1). In this case, oxygen does not remain in the exhaust gas flowing around protecting
layer 33 and diffusion layer 34 after combustion of a rich fuel-air mixture in combustion chamber. In contrast, unburned
combustible gas components (e.g., carbon monoxide (CO) and hydrogen (H2)) remain in the exhaust gas.
[0090] Therefore, in a condition in which working voltage Vb (actually the after-mentioned combined pumping voltage
Upb) of direct current power source 39 is applied between inner electrode 28 and reference electrode 31 of reference
cell 32, electrons are added, for example, to carbon dioxide remaining in the exhaust gas, thereby generating oxygen
ions and carbon monoxide, as shown in the following reaction formula (3).

2CO2 + 4e (electrons) → 2O2- + 2CO (3)

[0091] Similar to the case of lean air/fuel ratio condition, the resulting oxygen ions are transported from reference
electrode (cathode) 31 toward inner electrode (anode) 28 by passing through oxygen defects in solid electrolyte layer
27. The oxygen ions are decomposed at inner electrode (anode) 28 into oxygen ions and electrons, as shown in reaction
formula (2).
[0092] In inner electrode 28, the resulting molecular oxygen is absorbed into void spaces 43 shown in Fig. 7, thereby
generating in void spaces an oxygen partial pressure higher than that of reference electrode 31 or that of external exhaust
gas. Upon this, as shown in Figs. 13 and 14, Nernst voltage Vnr (e.g., about 900mV) is generated according to the
oxygen partial pressure difference between electrodes 28, 31 under a rich air/fuel ratio condition.
[0093] The above Nernst voltage Vnr acts in a direction opposite to working voltage Vb (e.g., 1.6V) of direct current
power source 39. Consequently, combined pumping voltage Upb (e.g., 700mV) is applied between electrodes 28, 31
of reference cell 32, as shown in the following expression (5). 

[0094] The above Nernst voltage Vnr (e.g., about 900mV) also acts in the opposite direction between electrodes 28,
29 of measuring cell 30. Consequently, pumping voltage Upa (e.g., -450mV) is applied between electrodes 28, 29 of
measuring cell 30, as shown in the following expression (6).

[0095] Consequently, in the case of rich air/fuel ratio (λ <1), inner electrode 28 and measuring electrode 29 switch to
cathode and anode, respectively. At inner electrode (cathode) 28, electrons are added to oxygen in void spaces 43 to
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generate oxygen ions, as shown in the reaction formula (1). At measuring electrode (anode) 29, the oxygen ions from
inner electrode 28 are reacted, for example, with carbon monoxide, as shown in the following reaction formula (4)

2CO + 2O2- → 2CO2 + 4e (electron) (4)

[0096] In case that the combustible gas component in the exhaust gas is hydrogen (H2), electrons are added to water
molecule remaining in the exhaust gas, thereby generating oxygen ions and hydrogen, as shown in the following reaction
formula (5).

2H2O + 4e (electron) → 2O2- + 2H2 (5)

[0097] The resulting oxygen ions are transported from reference electrode (cathode) 31 toward inner electrode (anode)
28 by passing through oxygen defects in solid electrolyte layer 27. The oxygen ions are decomposed at inner electrode
(anode) 28 into oxygen ions and electrons, as shown in reaction formula (2).
[0098] As stated above, inner electrode 28 and measuring electrode 29 switch by Nernst voltage to cathode and anode
respectively in the case of rich air/fuel ratio (λ<1). At inner electrode (cathode) 28, electrons are added to oxygen in void
spaces 43 to generate oxygen ions, as shown in the reaction formula (1).
[0099] At measuring electrode (anode) 29, the oxygen ions from inner electrode 28 are reacted with hydrogen to
generate water molecules and electrons, as shown in the following reaction formula (G)

2H2+ 2O2- → 2H2O + 4e (electrons) (6)

[0100] Therefore, diffusion limiting current Im is allowed to flow from measuring electrode 29 toward inner electrode
28, as shown by the arrow of Fig. 13. Ammeter detects and outputs this diffusion limiting current Im as a detected signal
to determine lean air/fuel ratio using the characteristic line of Fig. 8.
[0101] In this case, Nernst voltage Vnr (e.g., about 900mV) under rich air/fuel ratio condition is set, relative to working
voltage Va (e.g., 450mV) of direct current power source 36 and working voltage (e.g., 1.6V) of direct current power
source 39, in a manner to satisfy the following expression (7). 

[0102] As stated above, combined pumping voltage Upb of reference cell 32 is higher than pumping voltage Upa of
measuring cell 30 in the case of rich air/fuel ratio, too. Therefore, the amount of oxygen absorbed by combined pumping
voltage Upb into void spaces (oxygen receiving chambers) 43 of inner electrode 28 is set to be higher than that of oxygen
absorbed by pumping voltage Upa out of void spaces 43 of inner electrode 28.
[0103] Thus, oxygen partial pressure of void spaces 43 of inner electrode 28 is always kept higher than the external
exhaust gas. As shown in Figs. 5-6, lead 28A of inner electrode 28 also contain void spaces 43. With this, as shown in
Fig. 1, the oxygen receiving chambers of void spaces 43 are in communication with the atmosphere in casing 1, thereby
preventing a so-called reverse diffusion of the external exhaust gas toward void spaces 43.
[0104] According to the above-mentioned embodiment of the present invention, it is possible to output diffusion limiting
current Im (as a detected signal) that changes according to air/fuel ratio, as shown by the characteristic line of Fig. 8.
Specifically, it is possible to output a detected signal of zero current value when it is stoichiometric air/ fuel ratio (λ=1),
that of a positive current value when it is lean air/fuel ratio (λ >1), and that of a negative current value when it is rich air/
fuel ratio (λ <1).
[0105] As stated above, it is possible to produce air/fuel ratio detecting device 21 into a cylindrical shape in its entirety.
Therefore, it is possible to provide electrodes 28, 29, 31 with sufficient electrode areas and to reduce internal resistance
and size of air/fuel ratio detecting device 21, as compared with conventional air/fuel ratio detecting devices of platy shape.
[0106] Furthermore, conventional air/fuel ratio detecting devices have edge portions due to their platy shape. In con-
trast, air/fuel ratio detecting device 21 of the present invention does not have such edge portions due to its cylindrical
shape. Therefore, it is possible by air/fuel ratio detecting device 21 to reduce thermal stress and the like by about a half.
This makes it possible to prevent, for example, cracks of solid electrolyte layer 27.
[0107] As stated above, heater portion 22 is fully covered with solid electrolyte layer 27, diffusion layer 34 and the
like. With this, heater portion 22 is prevented from a direct contact with the outside air. Therefore, it is possible to efficiently
transmit heat from heater portion to solid electrolyte layer 27 and the like.
[0108] Air/fuel ratio detecting device 21 has a construction in which solid electrolyte layer 27 is interposed between
inner electrode 28 and measuring electrode 29 and between inner electrode 28 and reference electrode 31. With this,
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it is possible to form measuring cell 30 and reference cell 32 (first and second pumping cells) by using only a single layer
of solid electrolyte layer 27.
[0109] It is possible to strongly bond inner electrode 28 to heater covering layer 25 and solid electrolyte layer 27 after
sintering by using the same material for ceramic grains 42, heater covering layer 25 and solid electrolyte layer 27.
Furthermore, it is possible to uniformly distribute many of the above-mentioned three-phase interfaces (electrode reaction
points). Therefore, it is possible to generate the electrode reaction uniformly at the entirety of a first interface (between
solid electrolyte layer 27 and inner electrode 28) opposed to measuring electrode 29 and at the entirety of a second
interface (between solid electrolyte layer 27 and inner electrode 28) opposed to reference electrode 31.
[0110] It is possible to diffuse oxygen in void spaces 43. Therefore, it is possible to reduce the concentration and
pressure differences of oxygen caused by the electrode reaction and the temperature change, thereby preventing ac-
cumulation and deficiency of oxygen at the three-phase interfaces. With this, it is possible to lower internal resistance
of the sensor and to accelerate activation of air/fuel ratio detecting device 21 at low temperature.
[0111] With reference to Figs. 15-16, there will be described a second embodiment of the present invention, which is
characterized in that the ceramic material of the inner electrode is made of an oxide having a perovskite structure (mixed
conductive material). In the following, the same parts as those of the first embodiment are designated by the same
numerals, and their explanations are omitted.
[0112] Designated by numeral 50 is an inner electrode (first electrode) used in the second embodiment. Similar to the
first embodiment, inner electrode 50 is formed of noble metal material (e.g., platinum) 51, ceramic grains 52 and void
spaces 53.
[0113] Similar to recesses 44 of the first embodiment, there are provided a plurality of recesses 54 on the boundary
of inner electrode 50 and solid electrolyte 27.
[0114] For example, perovskite oxide, constituting ceramic grains (mixed conductive material) 52, may have a structure
of LalxSrxCoO3 or Lal-xSrxMnO3.
[0115] As shown in Fig. 16, ceramic grains 52 serve to conduct oxygen ions (O2-) at the interface between ceramic
grains 52 and solid electrolyte layer 27 and to generate the electrode reactions of the reaction formulas (1) and (2) at
the interface between ceramic grains 52 and void spaces 53.
[0116] Furthermore, as shown in Fig. 16, there also occurs the electrode reaction at three-phase interfaces F1, F2
formed among solid electrolyte layer 27, noble metal material 51 and void spaces 53 and at three-phase interfaces F3,
F4 formed among solid electrolyte layer 27, noble metal material 51 and recesses 54. Void spaces 53 serve as oxygen
receiving chambers, thereby diffusing oxygen in inner electrode 50 according to its concentration and pressure gradients.
[0117] In fact, the oxygen concentration of the left side (leading end side of device 21) of inner electrode 50 in Fig. 16
is lower than that of the right side (base end side of device 21). Therefore, oxygen molecules and ions are transported
in the direction of arrow "b" of Fig. 16 according to their concentration gradient.
[0118] The second embodiment of the present invention can bring about advantageous effects similar to those of the
first embodiment. Specifically, since ceramic grains 52 of inner electrode 50 are made of an oxide of perovskite structure
in the second embodiment, it is possible to uniformly distribute many of the above-mentioned three-phase interfaces
(electrode reaction points), thereby effectively generate the electrode reaction at the entirety of the electrode surface of
inner electrode 50.
[0119] As mentioned above, there is a first oxygen gas transportation in which oxygen gas is transported according
to its concentration gradient in inner electrode 50. Furthermore, there is a second oxygen gas transportation in the
second embodiment, as explained in the following.
[0120] As shown in Fig. 16, void spaces 53 and ceramic grains 52 are continuously distributed in inner electrode 50.
With this distribution, void spaces 53 contribute to oxygen transportation (in the form of oxygen molecules) by diffusion
therein, and in contrast ceramic grains (mixed conductive material) 52 contribute to oxygen transportation (in the form
of oxygen ions) by ionic conduction.
[0121] In other words, as schematically shown in Fig. 16, oxygen ions (O2-) from solid electrolyte layer 27 can pass
in the form of oxygen ions through the adjacent ceramic grain 52. Then, at the boundary between this ceramic grain 52
and the adjacent void space 53, oxygen ions can turn to oxygen molecules by the reaction of 2O2- → O2 + 4e. The
resulting oxygen molecules can pass through this void space 53 by gas diffusion. Then, at the boundary between this
void space 53 and the next ceramic grain 52, oxygen molecules can turn to oxygen ions by the reaction of O2 + 4e →
2O2-. In this manner, oxygen can be transported through ceramic grains 52 and void spaces 53 in the second oxygen
gas transportation. Therefore, it is possible to accelerate the transportation speed of oxygen gas in the direction of the
arrow of "b" in Fig. 16 by the above-mentioned first and second oxygen gas transportations.
[0122] Consequently, it is possible to lower internal resistance of the device to improve low-temperature activity and
the like. Furthermore, for example, it is possible to suppress exfoliation of solid electrolyte layer 27 and inner electrode
50 from each other for a long time, thereby improving reliability of the air/fuel ratio sensor.
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Claims

1. An air/fuel ratio detection apparatus for a gas, comprising:

a heater portion (22) that has an elongate cylindrical shape and heats by receiving electricity supply from an
outside;
a solid electrolyte layer (27) formed on an entirely surrounding periphery of the heater portion (22), the solid
electrolyte layer (27) being activated by heat from the heater portion (22) to conduct oxygen ions through the
solid electrolyte layer (27);
a first electrode (28) that is positioned between the heater portion (22) and the solid electrolyte layer (27) and
is in contact with an inner surface of the solid electrolyte layer (27);
second and third electrodes (29, 31) that are in contact with an outer surface of the solid electrolyte layer (27)
and are away from each other such that the solid electrolyte layer (27) is interposed between the first and second
electrodes (28, 29) and between the first and third electrodes (28, 31);
a first voltage applying device (36) for applying a first voltage between the first and second electrodes (28, 29);
a second voltage applying device (39) for applying a second voltage between the first and third electrodes (28,
31), the second voltage being higher than the first voltage;
a diffusion layer (34) made of a porous material, the diffusion layer (34) covering the second electrode (29) to
adjust transmission of the gas to the second electrode (29); and
an ammeter (37) provided between the first voltage applying device(36) and the second electrode (29), for
outputting an output signal as an electric current.

2. An apparatus according claim 1, wherein the first and second voltage applying devices (36, 39) are configured to
adjust the first and second voltages (Va, Vb) so that the second electrode (29) becomes a cathode and the output
signal is a positive current value when the air/fuel ratio of the gas is greater than a stoichiometric air/fuel ratio, that
the output signal is equal to zero when the air/fuel ratio of the gas is the stoichiometric air/fuel ratio, and that the
second electrode (29) becomes an anode and the output signal is a negative current value when the air/fuel ratio
of the gas is smaller than the stoichiometric air/fuel ratio.

3. An apparatus according to claim 1 or 2, wherein the second electrode (29) is positioned closer to a leading edge of
the heater portion (22) than the third electrode (31) is.

4. An apparatus according to claim 1 or 2, wherein the second and third electrodes (29, 31) are positioned to be away
from each other in an axial direction of the solid electrolyte layer (27), and wherein the first electrode (28) extends
to have a length in the axial direction of the solid electrolyte layer (27) such that the first electrode (28) is opposed
to the second and third electrodes (29, 31) in a radial direction of the solid electrolyte layer (27).

5. An apparatus according to claim 1 or 2, wherein the first electrode (28) comprises a noble metal (41), ceramic grains
(42), and voids (43) that accommodate oxygen.

6. An apparatus according to claim 5, wherein the voids (43) have a size larger than that of the ceramic grains (42).

7. An apparatus according to claim 6, wherein the ceramic grains (42) comprise a ceramic raw material that is identical
with a raw material of the solid electrolyte layer (27).

8. An apparatus according to claim 6, wherein the ceramic grains (42) comprise a ceramic raw material that is an oxide
having a perovskite structure.

9. An apparatus according to claim 1 or 2, wherein the heater portion (22) comprises:

a heater core made of a ceramic material and having a hollow cylindrical shape;
a heater pattern formed on a peripheral surface of the heater core; and

an insulating covering layer surrounding periphery of the heater core to cover the heater pattern (24).
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Patentansprüche

1. Luft/Kraftstoffverhältnis-Erfassungsvorrichtung für ein Gas:

mit einem Heizbereich (22), der eine verlängerte zylindrische Form aufweist und durch Anlegen einer Strom-
versorgung von Außen heizt;
mit einer festen Elektrolytschicht (27), die auf einen gesamten umlaufenden Umfang des Heizbereichs (22)
ausgebildet ist, wobei die feste Elektrolytschicht (27) durch Heizen vom Heizbereich (22) aktiviert wird, um
Sauerstoffionen durch die feste Elektrolytschicht (27) zu leiten;
mit einer ersten Elektrode (28), die zwischen dem Heizbereich (22) und der festen Elektrolytschicht (27) posi-
tioniert und mit einer Innenfläche der festen Elektrolytschicht (27) in Kontakt ist;
mit zweiten und dritten Elektroden (29, 31), die mit einer Außenfläche der festen Elektrolytschicht (27) in Kontakt
und voneinander entfernt sind, so dass die feste Elektrolytschicht (27) zwischen den ersten und zweiten Elek-
troden (28, 29) und zwischen den ersten und dritten Elektroden (28, 31) angeordnet ist;
mit einer ersten Spannungs-Anlegeeinrichtung (36) zum Anlegen einer ersten Spannung zwischen den ersten
und zweiten Elektroden (28, 29);
mit einer zweiten Spannungs-Anlegeeinrichtung (39) zum Anlegen einer zweiten Spannung zwischen den ersten
und dritten Elektroden (28, 31), wobei die zweite Spannung höher als die erste Spannung ist;
mit einer Diffusionsschicht (34), die aus einem porösen Werkstoff hergestellt ist, wobei die Diffusionsschicht
(34) die zweite Elektrode (29) abdeckt, um das Durchlassen des Gases zur zweiten Elektrode (29) einzustellen;
und
mit einem Ampermeter (37), dass zwischen der ersten Spannungs-Anlegeeinrichtung (36) und der zweiten
Elektrode (29) zum Ausgeben eines Ausgangssignals als ein elektrischer Strom vorgesehen ist.

2. Vorrichtung gemäß Anspruch 1, wobei die ersten und zweiten Spannungs-Anlegeeinrichtungen (36, 39) die ersten
und zweiten Spannungen (Va, Vb) einstellen, so dass die zweite Elektrode (29) eine Kathode wird und das Aus-
gangssignal ein positiver Stromwert ist, wenn das Luft/Kraftstoffverhältnis des Gases größer als ein stöchiometri-
sches Luft/Kraftstoffverhältnis ist, so dass das Ausgangssignal gleich Null ist, wenn das Luft/Kraftstoffverhältnis des
Gases das stöchiometrische Luft/Kraftstoffverhältnis ist, und so dass die zweite Elektrode (29) die eine Anode wird
und das Ausgangssignal ein negativer Stromwert ist, wenn das Luft/Kraftstoffverhältnis des Gases kleiner als das
stöchiometrische Luft/Kraftstoffverhältnis ist.

3. Vorrichtung gemäß Anspruch 1 oder 2, wobei die zweite Elektrode (29) näher an der Vorderkante des Heizbereichs
(22) als die dritte Elektrode (31) positioniert ist.

4. Vorrichtung gemäß Anspruch 1 oder 2, wobei die zweiten und dritten Elektroden (29, 31) positioniert sind, um von
einander in axialer Richtung der festen Elektrolytschicht (27) entfernt zu sein, und wobei sich die erste Elektrode
(28) erstreckt, um eine Länge in axialer Richtung der festen Elektrolytschicht (27) aufzuweisen, so dass die erste
Elektrode (28) den zweiten und dritten und Elektroden (29, 31) in radialer Richtung der festen Elektrolytschicht (27)
gegenüberliegt.

5. Vorrichtung gemäß Anspruch 1 oder 2, wobei die erste Elektrode (28) ein Edelmetall (41), keramische Körner (42)
und Hohlräume (43), die Sauerstoff aufnehmen, aufweist.

6. Vorrichtung gemäß Anspruch 5, wobei die Hohlräume (43) eine Größenordnung aufweisen, die größer als die der
keramischen Körner (42) ist.

7. Vorrichtung gemäß Anspruch 6, wobei die keramischen Körner (42) einen keramischen Rohstoff aufweisen, der
mit einem Rohstoff der festen Elektrolytschicht (27) identisch ist.

8. Vorrichtung gemäß Anspruch 6, wobei die keramischen Körner (42) einen keramischen Rohstoff aufweisen, der
ein Oxid mit einer Perowskit-Anordnung ist.

9. Vorrichtung gemäß Anspruch 1 oder 2, wobei der Heizbereich (22) folgendes aufweist:

einen Heizkern, der aus keramischem Werkstoff hergestellt ist und eine hohle zylindrische Form aufweist;
ein Heizmuster, das auf einer Umfangsfläche des Heizkerns ausgebildet ist; und
eine isolierende Deckschicht, die den Umfang des Heizkerns umgibt, um das Heizmuster (24) abzudecken.
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Revendications

1. Appareil de détection de rapport air/carburant pour un gaz, comprenant :

une partie d’élément chauffant (22) qui présente une forme cylindrique allongée et chauffe grâce à une alimen-
tation électrique reçue de l’extérieur ;
une couche électrolytique solide (27) formée sur une périphérie complète de la partie d’élément chauffant (22),
la couche électrolytique solide (27) étant activée par la chaleur issue de la partie d’élément chauffant (22) pour
conduire les ions oxygène à travers la couche électrolytique solide (27) ;
une première électrode (28) qui est positionnée entre la partie d’élément chauffant (22) et la couche électrolytique
solide (27) et est en contact avec une surface interne de la couche électrolytique solide (27);
des deuxième et troisième électrodes (29, 31) qui sont en contact avec une surface externe de la couche
électrolytique solide (27) et sont à l’écart l’une de l’autre de telle sorte que la couche électrolytique solide (27)
est intercalée entre les première et deuxième électrodes (28, 29) et entre les première et troisième électrodes
(28, 31) ;
un premier dispositif d’application de tension (36) pour appliquer une première tension entre les première et
deuxième électrodes (28, 29) ;
un second dispositif d’application de tension (39) pour appliquer une seconde tension entre les première et
troisième électrodes (28, 31), la seconde tension étant plus élevée que la première tension ;
une couche de diffusion (34) constituée d’un matériau poreux, la couche de diffusion (34) couvrant la deuxième
électrode (29) pour ajuster la transmission du gaz vers la deuxième électrode (29) ; et
un ampèremètre (37) prévu entre le premier dispositif d’application de tension (36) et la deuxième électrode
(29), pour produire un signal de sortie sous la forme d’un courant électrique.

2. Appareil selon la revendication 1, dans lequel les premier et second dispositifs d’application de tension (36, 39)
sont configurés pour ajuster les première et deuxième tensions (Va, Vb) de sorte que la deuxième électrode (29)
devienne une cathode et que le signal de sortie soit une valeur de courant positive lorsque le rapport air/carburant
du gaz est supérieur à un rapport air/carburant stoechiométrique, que le signal de sortie soit égal à zéro lorsque le
rapport air/carburant du gaz est le rapport air/carburant stoechiométrique, et que la deuxième électrode (29) devienne
une anode et que le signal de sortie soit une valeur de courant négative lorsque le rapport air/carburant du gaz est
inférieur au rapport air/carburant stoechiométrique.

3. Appareil selon la revendication 1 ou 2, dans lequel la deuxième électrode (29) est positionnée plus près d’un bord
avant de la partie d’élément chauffant (22) que la troisième électrode (31).

4. Appareil selon la revendication 1 ou 2, dans lequel les deuxième et troisième électrodes (29, 31) sont positionnées
pour être à l’écart l’une de l’autre dans une direction axiale de la couche électrolytique solide (27), et dans lequel
la première électrode (28) s’étend de sorte à avoir une longueur dans la direction axiale de la couche électrolytique
solide (27) telle que la première électrode (28) est opposée à la deuxième et à la troisième électrodes (29, 31) dans
une direction radiale de la couche électrolytique solide (27).

5. Appareil selon la revendication 1 ou 2, dans lequel la première électrode (28) comprend un métal noble (41), des
grains céramiques (42) et des vides (43) qui logent l’oxygène.

6. Appareil selon la revendication 5 dans lequel les vides (43) ont une taille plus grande que celle des grains céramiques
(42).

7. Appareil selon la revendication 6, dans lequel les grains céramiques (42) comprennent une matière première cé-
ramique qui est identique à une matière première de la couche électrolytique solide (27).

8. Appareil selon la revendication 6, dans lequel les grains céramiques (42) comprennent une matière première cé-
ramique qui est un oxyde ayant une structure de pérovskite.

9. Appareil selon la revendication 1 ou 2, dans lequel la partie d’élément chauffant (22) comprend :

un noyau d’élément chauffant constitué d’une matière céramique et ayant une forme cylindrique creuse ;
un motif d’élément chauffant formé sur une surface périphérique du noyau d’élément chauffant ; et
une couche de couverture isolante entourant la périphérie du noyau d’élément chauffant pour couvrir le motif
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d’élément chauffant (24).
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